Abstract: Burial mounds (kurgans) of the Early Iron Age in the steppe zones of Central Asia have long been the target of severe looting activities. Protection of these monuments in remote areas is difficult since accurate mapping is rarely available. We map an area in northern Xinjiang using a combination of high-resolution optical data and on-ground survey to establish a quantitative and qualitative assessment of looting. We find that at least 74.5% of burial mounds are looted or otherwise destroyed. Due to the large number of visibly impacted burial mounds, it becomes clear that the bulk of cultural heritage of the Early Iron Age in this area is under threat. The looting, however, continues until present day. Rescue excavation of potentially untouched burials in the area is advisable.
Introduction
The Early Iron Age in the eastern Eurasian steppe zone saw a steep rise in anthropogenic activity connected with the emergence of fully nomadic societies and the so-called "Scythian" material culture in the first millennium BCE [1] . This development led to the construction of thousands of burial mounds (kurgans) throughout the steppes in which the dead were entombed, together with a rich assemblage of items encompassing weapons, horse gear, and objects decorated in the early nomadic animal style [2, 3] . Many of the items were made from gold, and this wealth early on led to tombs being destroyed by looters. Sometimes, however, these actions were a conscious desecration of the ancestral burial ground executed by enemy tribes or exponents of subsequent migrations [4] , and only secondarily geared towards economic gains. The rediscovery of the "Scythian" culture in 18th century Russia established looting as a substantial source of income in the wake of the colonization of Siberia and the steppes, leading to a situation where "gangs of diggers, sometimes up to 300 strong, worked seasonally and excavated burials from spring to autumn each year" [5] . Looting remains a known and widespread problem in northwestern China to this day [6] , and despite harsh punishments, the illegal excavations continue, feeding a growing domestic market for antiquities.
Xinjiang's north is rich in Early Iron Age cultural heritage, and there is a wide range of architectural features which constitute early nomadic burials. Archaeologists distinguish geographically and temporally distinct subunits of Early Iron Age material culture. The most common type of early Iron Age burial in the northern Xinjiang steppes consists of a deep grave chamber in which the human remains and most of the items are found. The deep burial pit is covered with a mound-either consisting of stones, earth, or a mixture of both-which serves as a marker in the landscape (Figure 1 ). Upon looting of the central burial pit, a deep depression remains in the center of the monument which is clearly visible in high-resolution satellite imagery and aids the assessment of whether a tomb is destroyed or potentially unscathed. The absence of such a pit, however, does not necessarily mean In Xinjiang, where extensive on-ground surveys are still the exception rather than the rule [7] it is very hard to estimate how much damage has been done to Early Iron Age cultural heritage. In this paper, we present the results of an assessment of a limited area of interest in northern Xinjiang, in which we combine an intensive on-ground survey and the evaluation of high-resolution optical satellite imagery with regard to detecting the share of looted or otherwise destroyed Early Iron Age burial mounds.
The area of interest was chosen in accordance with our previous field surveys, which have been conducted since 2015 in the foothills of the Chinese Altai Mountains in northern Xinjiang around the In Xinjiang, where extensive on-ground surveys are still the exception rather than the rule [7] it is very hard to estimate how much damage has been done to Early Iron Age cultural heritage. In this paper, we present the results of an assessment of a limited area of interest in northern Xinjiang, in which we combine an intensive on-ground survey and the evaluation of high-resolution optical satellite imagery with regard to detecting the share of looted or otherwise destroyed Early Iron Age burial mounds.
The area of interest was chosen in accordance with our previous field surveys, which have been conducted since 2015 in the foothills of the Chinese Altai Mountains in northern Xinjiang around the area of Heiliutan (Figure 2 ) [7] . Due to the increasingly difficult access in the autonomous region cf. [8] , remote sensing assessment of cultural heritage gains additional weight cf. [9] . It is currently almost impossible to receive a permit for fieldwork conducted by Chinese-international collaborations.
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Materials and Methods
To map out all the Early Iron Age burial mounds, we used Worldview-2 and Ikonos data provided by the DigitalGlobe Foundation. Worldview-2 data has a max resolution at nadir of 0.46 m panchromatic and 1.85 m multispectral [10] . Ikonos has a max resolution at nadir of 0.82 m panchromatic and 3.28 m multispectral [10] . We also repeated the survey with publicly available data from Google Maps. We relied on a visual interpretation of the data, mapping out burials by hand in ArcGIS after overlaying the remote sensing imagery with a regular grid of 100 × 100 m. Even though automatic detection of circular features is now possible thanks to sophisticated algorithms [11] [12] [13] , we needed an approach that guaranteed a consistent detection without gaps, and thus the visual interpretation was conducted by archaeologists familiar with the characteristics of the Early Iron Age burials of northern Xinjiang. For each burial mound, we assigned one of three categories: 1. "Looted" meaning exhibiting a clear looting pit or being fully destroyed; 2. "impacted" exhibiting smaller destructions and/or altered shape; and 3. "well-preserved" burial mound appears to be largely intact. If a burial was not visible in the remotes sensing data, it received the remark "NV" (not visible). We were not able to cover the entire area with Worldview-2 data, therefore, when we found a burial outside the covered area, the Worldview-2 data received the remark "NA" (not applicable).
In the subsequent field survey, a full intensive survey of the landscape (approximately 110 km 2 ) was conducted to map out burials that were missed during the visual interpretation of the remote sensing data. For each Early Iron Age burial, an assessment of its preservation condition was conducted, in particular noting whether or not the burial showed signs of looting or otherwise exhibited traits of destructions according to the same three categories applied during the remote sensing survey. 
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The results were then compared to understand the extent of looting of Early Iron Age burial mounds as well as our ability to assess the extent of looting accurately from space without ground truthing.
Results
During our field survey, we identified a total number of 188 burial mounds potentially belonging to the Early Iron Age. Not all of them were visible in the remote sensing data due to their size and preservation conditions (Table 1) .
For Worldview-2 data, we identified 18 burial mounds in good condition, 31 graves were somewhat destroyed, and 28 burials showed clear signs of looting with a deep pit in the middle of the structure. Similarly, in Ikonos data, we found 17 burial mounds in good condition, 26 which were partially destroyed, and 22 which were clearly looted. In publicly available data from Google Earth, the total number of detected burial mounds was higher: The number of looted burial mounds rose to 68, the number of well-preserved mounds decreased to 15, and the amount of partially destroyed burials increased to 38 (Table 1) .
Ikonos data performed rather poorly. Only 34.6% of the burial mounds mapped during the survey were identified. Google Earth performed better and we were able to identify 63.8% of the burial mounds in the area of interest. For Worldview-2 data, a similar percentage of burial mounds (59.7%) were mapped in the covered area. In a second step, we correlated the assessment made based on the different data types with the data collected during the survey. If the assessment was the same, i.e., the same category (1, 2, or 3) had been assigned to the same burial mound in both the on-ground survey and the visual interpretation, the data point received a 1. If there was a deviation between the assessment on site and from the remote sensing data, the data point received a 0. The percentages of adequate assessments can be found in Table 2 . Burial mounds that were not visible in the respective data were not counted as wrong assessments. 
Discussion
Overall, the results indicate that a substantial portion of Early Iron Age burial mounds in the area of interest have been looted or damaged. From the on-ground survey, we know that at least 74.5% of burial mounds have been impacted or looted. This number is likely to be higher because of taphonomic processes, which eradicate traces of destruction and looting (like, e.g., natural erosion, which over time refills a looting pit).
From Table 1 , it is apparent that not all data types perform equally well when it comes to assessing looting-related destruction of Early Iron Age burial mounds. This seems to be largely connected to the resolution of the particular data. The size of the burial mounds plays a decisive role in their visibility and detectability. Many of the smaller burial mounds have only a diameter of 3-5 m and therefore are very hard to distinguish from surrounding rock outcrops and other natural features [14, 15] . It then becomes pointless to try and assess their preservation condition because the number of pixels they are displayed by do not yield enough information for a solid visual interpretation. In some cases, dark bushes that grow in the middle of a burial mound can evoke the impression of a looting pit, when in fact the burial is in very good condition. For larger burial mounds, however, the visibility and the assessment of the preservation condition is usually not an issue. The assessment is fairly consistent over the different data types for large burial mounds (Figure 3 ).
An exact match between ground assessment and visual interpretation of the remote sensing data (like in Table 2 ), however, is a rather strict criterion. If we loosen this condition, aggregate clearly looted burial mounds and partially destroyed burial mounds, and therefore adopt a binary approach in which a burial mound is either destroyed/looted or well-preserved we see the following percentages ( Table 3) . This seems to suggest that despite the differences in resolution of the different data types, a remote sensing survey can produce a good approximation of the preservation assessment through an on-ground intensive survey. Although it is currently not possible to create a fine classification of individual monuments and their preservation conditions, the general statement about the percentage of looted/partially destroyed Early Iron Age burial mounds is possible. This grasp on how bad the destruction of cultural heritage is in a specific area could already provide a valuable decision making tool for the local cultural heritage administration.
Speculatively, some of the difference between datasets could be explained through the temporal gaps between the acquisition of Ikonos, Worldview-2, and Google Earth data. The Ikonos imagery was generated in July 2003, the Worldview-2 data in September 2011, and the Google Earth imagery dates back to October 2012. The percentages in Table 3 continuously increase, which could hint towards an increase in looting activity. In the 1990s, the region was largely undeveloped, but plans were made to substantially increase tourism [16] . Only in 2007, the Kanasi Airport was opened [17] (after the acquisition of the Ikonos data) and with it came a massive influx of travelers and tourists [18] . One might hypothesize that the increase in destruction of cultural heritage is tied to the opportunity for local people to establish a new market and sell looted archaeological items to tourists. Of course, this is merely a guess and needs further research in the region to understand today's looting activity and the supply chain of illegally excavated artefacts. In any case, we were able to determine, that looting and destruction of cultural heritage continues. We were able to locate a number of recently robbed tombs during our field survey (Figure 4 ). 
Conclusions
It is possible to assess the looting of Early Iron Age burial mounds in northern Xinjiang through a remote sensing survey. A subcategorization of different destructions or an extent of the destruction of a single burial mound is difficult to achieve at this point, since data resolution is limited and the size of many burial mounds is too small to allow for a visual interpretation of the traces of destruction. However, the percentages of destroyed monuments are relatively consistent in all three remote sensing data sets (Table 3) and we can therefore assume that an approximation of the true extent of looting is possible through a remote sensing survey. Sequencing the data sets according to their acquisition date shows a steady increase in the percentage of looted burials and might hint to continued looting in the area, possibly in conjunction with developing tourism. The discovery of recently looted tombs during the field survey support this hypothesis. Considering that a substantial portion of local cultural heritage of the Early Iron Age has already been destroyed, it is advisable to put measures of protection in place or else provide the financial means for rescue excavations. 
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